IMPORTANCE As greater numbers of older patients seek elective surgery, one approach to preventing postoperative complications is enhanced assessment of risks during preoperative evaluation.
W ith advances in surgical technology and with the aging of the population, surgeons are increasingly operating on older, frail patients with complex medical conditions. 1,2 Compared with younger patients, this population is at higher risk for postsurgical complications, prolonged hospitalization, and mortality. Past research of preoperative geriatric assessment has relied on an outpatient geriatric clinic 3 or a consulting inpatient geriatrician. 4, 5 However, owing to the worsening national shortage of geriatricians, 6,7 we need to develop efficient ways to integrate geriatric assessment into existing surgical care systems. Improved methods of assessing geriatric risk will facilitate targeted proactive interventions to mitigate risk and improve surgical outcomes. Moreover, inclusion of functional status and physical performance increases the ability to assess risk of postoperative complications beyond that seen with traditional risk assessment. [3] [4] [5] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Improved preoperative assessment of older patients is a major priority of the American College of Surgeons (ACS) and American Geriatrics Society.
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Our research had 2 aims. First, we measured our ability to implement and sustain the Vulnerable Elders Surgical Pathways and Outcomes Assessment (VESPA) preoperative evaluation. The distinguishing hallmark of this intervention was screening performed by the surgical physician assistants (PAs) who added the VESPA assessments to their already existing workload. Second, we investigated whether the VESPA tool could help surgeons recognize patients at higher risk for both postsurgical complications and geriatric postoperative occurrences, such as delirium.
Methods

Design of the VESPA Tool
The VEPSA tool is a translational, multidomain tool administered in less than 10 minutes by the surgical PA. The original investigators (K.H., E.F., and K.M.D) drafted the VESPA tool (eAppendix 1 in the Supplement) by modifying previously developed geriatric assessments of functional status, cognition, and risk of death to increase feasibility of use in the preoperative clinic led by the PA. We included 6 basic activities of daily living (BADL) items (bathing, dressing, transferring, feeding, grooming, and toileting) 18 and 8 instrumental activities of daily living (IADL) items (medication administration, meal preparation, telephone use, transportation, shopping, housekeeping, laundry, and finances). 19 We allowed for self-reporting or reporting by proxies as to whether patients had difficulty in accomplishing these activities. In addition, we drafted a novel item to the surgical literature: we asked patients (or their proxies), "Can you manage by yourself for several hours alone after your procedure (outpatient)/after discharge (inpatient)?" Next, we assessed gait and mobility. We asked whether or not the patient had fallen in the past year. The patients then performed a Timed Up and Go test, 20 consisting of a timed stand from a chair position, walk 3 m (10 ft) across the floor, and return to a sitting position. Time to completion was categorized into less than 10 seconds (normal), 10 to 20 seconds (borderline risk), and more than 20 seconds (abnormally slow). The clinician qualitatively rated whether or not the patient's balance was steady vs unsteady during the Timed Up and Go test.
Third, we modified the 2-item Patient Health Questionnaire to ask respondents to recall 1 month (rather than 2 weeks) of anhedonia and depressive symptoms. 21 Instead of the original 4-part response, we used a yes or no answer, reducing the burden of delivering the tool verbally. Last, we administered the Mini-Cog Test, an abbreviated dementia screening test.
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Study Protocol
The VESPA tool was implemented in 2008, administered by PAs (overseen by W.P.) in a preoperative surgery clinic in the University of Michigan Health System. The PAs completed the VESPA tool (eAppendix 1 in the Supplement) on paper and retained the test results for future research. A waiver of consent to review medical records and administrative data was approved by the University of Michigan institutional review board (HUM00020657). We aimed to perform the VESPA assessment on all patients 70 years of age or older who presented to a preoperative clinic for elective surgery from July 9, 2008, to January 5, 2011. Our preoperative clinic evaluates for otolaryngology and oral maxillofacial, plastics, gastrointestinal, urologic, breast, ophthalmologic, thoracic, neurologic, orthopedic, vascular, hernia repair, and solid-organ transplant surgery.
Medical Record Review
From December 11, 2012, to October 2, 2015, we performed a detailed review of inpatient medical records of all patients who completed the VESPA preoperatively. The goal of the review was to ascertain whether the patient underwent the planned surgery, to measure comorbidity burden, and to capture our outcome of interest: postoperative geriatric or surgical complications. For all patients, we used medical record abstraction materials to collect data on postsurgical complications and comorbidities as defined by the National Surgical Quality Improvement Program (NSQIP). 23 We developed new materials (available on request) to abstract geriatric comorbidities and postoperative complications including delirium, pressure ulcer, fall, or malnutrition. Delirium was defined as any documentation of a diagnosis of delirium, signs and symptoms of acute confusion, altered mental status, agitation, or the use of restraints or as-needed antipsychotic medications for treatment of delirium symptoms. 24 Pressure ulcers did
Key Points
Question Can a short, functional, geriatric assessment scale (<10 minutes) administered by surgical nonphysician staff estimate risk of postsurgical complications, including traditional postoperative occurrences and novel geriatric outcomes, such as delirium and falls?
Findings In this large cohort study of 736 patients 70 years of age or older, this tool estimated risk of postoperative complications, including difficulties with activities of daily living, inability to manage self-care, and number of comorbidities, with excellent statistical fit.
Meaning Older patients undergoing elective surgery are at more risk than younger patients of postsurgical complications, but those at higher risk can be efficiently identified for closer monitoring.
not include other types of skin ulcers (ie, venous, arterial insufficiency, or skin tears). Fall (including near fall) was defined as inadvertent position change from a higher to lower level. Malnutrition was defined when a the patient had a dietician's note of inadequate energy or protein intake or was eating less than 25% of meals for more than half of his or her meals for more than 5 days. We also captured unplanned readmission in 30 days and death within 30 days.
Administrative Data Review
To evaluate sustainability over time, we collected all administrative health system data for patients 70 years of age or older seen in the preoperative clinic from July 9, 2008, to January 5, 2011, regardless of VESPA evaluation. : transferring, dressing or bathing, preparing meals, and grocery shopping. In our survey, we counted dressing and bathing as 2 separate items. Next, we considered a composite gait and mobility risk indicator that combined any positive fall screening result, Timed Up and Go result more than 20 seconds, and poor results on the balance examination. Third, we used the Mini-Cog score, with a cutoff score (≤3 of 5) indicating cognitive impairment.
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Comorbidity We applied weights in the Charlson Comorbidity Index, 28, 29 a factor associated with postoperative complications and mortality, [30] [31] [32] to conditions collected in the medical record review. 33 We used a dichotomous variable that was used previously, 34 with a cutoff score of less than 2 vs 2 or more.
Complexity of Surgery
The Common Procedural Terminology codes for each patient's primary procedure were matched with the number of workrelated relative value units (WRVUs) from 2013. 35 The WRVU is a continuous measure of the overall risk and resources necessary to perform a surgical procedure, allowing for distinction between extensiveness of procedures. To increase the ease of use in a preoperative setting, we tested the WRVU by tertiles (low, moderate, and high) of risk and complexity.
Outcomes of Interest
We combined outcome variables into the following 3 composite outcomes: (1) any postsurgical complication, including any postoperative occurrence (as defined by the NSQIP, such as acute renal failure, pneumonia, incisional surgical site infection, unplanned intubation, sepsis, or urinary tract infection), death within 30 days, and unplanned readmission in 30 days; (2) any geriatric complication (delirium, pressure ulcer, fall, or malnutrition); and (3) any complication (any surgical or geriatric complication).
Statistical Analysis
Implementation and Sustainability Statistical analysis was performed from November 15, 2015 , to May 18, 2016 . Using the administrative data linked to the retained VESPA records, we categorized the health system patients into the following 2 groups: (1) patients evaluated with the VESPA tool and (2) control patients who were 70 years of age or older, seen in the same preoperative clinic during the same 6-month period, and underwent similar procedures in the health system within 90 days but who were not evaluated with the VESPA tool. We measured sustainability of the VESPA tool over time by calculating use of the VESPA tool during 6-month periods (for a total of 5 periods). See eAppendix 2intheSupplement for more detailed methods.
Outcomes Analysis and Development of Abbreviated VESPA Tool To identify potentially effective risk factors linked to geriatric complications, surgical complications, and the composite outcome of geriatric and surgical complications, we first used univariate logistic regression to determine the statistical and substantive effect on the risk of geriatric, surgical, and combined outcomes using odds ratios (ORs) of greater than 1.2 and P < .05 as criteria for potential retention, respectively. We then entered the candidate risk factors (for all 3 outcomes) into multivariable logistic regression models estimating the combined outcome of both geriatric and surgical complications, using only cases with complete data. Using the ORs from the multivariable model, we assigned whole-point weights by rounding each OR to the nearest integer. Then, for each patient, we could calculate a composite whole-point VESPA score to estimate the risk of complications. Last, we used the area under the receiver operating characteristic curve, which captures overall sensitivity and specificity and overall model fit, to compare the final multivariable vs VESPA score models and determine potential cutoff scores for clinical use. All statistical analyses were conducted using STATA, version 13 (StataCorp LP).
Results
Implementation and Sustainability
We performed 770 VESPA evaluations during the 2.5-year study period; 736 of these 770 patients underwent a surgical procedure at the University of Michigan Health System. Using University of Michigan Health System administrative data, we identified 4269 patients 70 years of age or older who were evaluated during the 2.5-year study window, of whom 3499 were not assessed with VESPA ( Figure 1) . Among those 3499 patients, we identified 2357 control patients who underwent surgery similar to the primary procedures performed for patients assessed with the VEPSA tool. The overall screening rate during the 2.5 years was 23.8% (736 of 3093). The screening rate was the highest during the first 6 months, when we performed a VESPA evaluation on 42.3% (247 of 584) of eligible patients. In the following 6 months, our evaluation rate decreased to 35.9% (229 of 638), with a decrease to 15.5% (85 of 550), 15.4% (102 of 662), and 10.9% (73 of 667) in the successive 6-month periods (eAppendix 2 in the Supplement). Table 1 . Only 4 of the 736 patients assessed with the VESPA tool had 2 different surgical admissions (ie, an original elective surgery with a preplanned second-stage surgery) that could both be linked to the same preoperative evaluations within the 2.5-year study period ( Figure 1 ). We therefore considered the 740 hospitalizations as independent. The most common procedures were otolaryngology and oral maxillofacial, plastics, and gastrointestinal surgery; nearly 476 of 736 procedures (64.7%) were oncologic. When characterizing complexity of surgery (by using tertiles of WRVUs), patients in the least-complex tertile (WRVU < 9.81) underwent minor procedures such as hernia repair, excision of melanoma or lesion, cystoscopy, and biopsy; those in the middle tertile (WRVU = 9.81-15.71) had major procedures such as parathyroidectomy, partial mastectomy, and laporascopy cholecystectomy; and those in the most complex tertile (WRVU ≥ 15.72) underwent cystectomy, colectomy, pancreatectomy, organ transplants, and pelvic exenterations. A complete listing of procedures within the 3 WRVU tertiles can be found in eAppendix 3intheSupplement.
Outcome Prediction
We found that 131 of the 740 admissions (17.7%) had geriatric complications, and 114 (15.4%) had surgical complications. A total of 187 of 740 patients (25.3%) had a geriatric or surgical complication. The mean length of stay was 3.7 days (range, 1-50 days) (eAppendix 4 in the Supplement).
In unadjusted logistic regressions of geriatric and surgical complications by each risk factor (Table 2), age was not associated with any type of complication. Men were more likely than women to have geriatric complications (OR, 1.9; 95%, CI 1.3-2.8).
The composite 14-item BADL and IADL count outcome was associated with geriatric complications (per item: OR, 1.5; 95% CI, 1.0-2.3), whereas the 5-item ACS functional status variable was associated with surgical complications (OR, 1.2; 95% CI, 1.0-1.5). Both the 14-point composite BADL and IADL count (OR, 1.5; 95% CI, 1.0-2.2) and the 5-point ACS variables (OR, 1.2; 95% CI, 1.0-1.4) were associated with the combined outcome. The novel question of self-assessed inability to manage oneself alone after discharge (yes or no) was strongly associated with both complications (geriatric complications: OR, 1.7; 95% CI, 1.1-2.5; surgical complications: OR, 1.7; 95% CI, 1.1-2.6). The dichotomous Charlson Comorbidity Index variable (combined outcome: OR, 1.9; 95% CI, 1.3-2.7) and the high WRVU group (combined outcome: OR, 7.4; 95% CI, 4.6-11.9) were also associated with the outcomes. The remaining VESPA items, such as depression, Mini-Cog Test results, and results of the gait and mobility screening, were not associated with the outcomes.
On multivariable analysis (711 complete cases), we entered the following statistically significant variables from the univariate analysis: functional status (either the 14-item or 5-item combined BADL and IADL difficulty count), self-assessed inability to manage self alone after discharge, sex, Charlson Comorbidity Index, and WRVU tertiles, all of which continued to be independently associated with the outcome (overall model area under the receiver operating characteristic curve, 0.77). The strongest association was a high level of surgical complexity (by WRVU tertile), which estimated that the odds of a complication would be 7 times higher compared with the least complex tertile ( Table 3) . The whole-point composite VESPA scores were also associated with the development of either geriatric or surgical complications, with an area under the receiver operating characteristic curve of 0.76 for both the 14-item and 5-item combined BADL and IADL models ( Figure 2 ). By designating a VESPA score of 9 or more as the cutoff for elevated estimated complication risk and comparing the predicted vs the actual complication outcome, we found that sensitivity would be 65% for the VESPA score based on the 14-item functional status score and would be 68% using the 5-item ACS score, while specificity was 76% whether the long or short functional status lists were used.
Discussion
In a large health care system's preoperative clinic led by PAs, we prospectively performed a geriatric assessment on 736 older patients. Without screening, we would have missed onefourth of patients with a preoperative functional deficit and 38% with a novel risk factor: those who judged themselves as not being able to manage themselves alone after discharge. Both of these factors were significantly associated with a composite outcome of postoperative complications. Our finding that preoperative functional impairment is associated with postoperative complications is consistent with findings from small, prospective single-center studies, underscoring the need to implement system-wide efforts. 3, 5, 11, [36] [37] [38] [39] A larger singlecenter study assessed 4 BADLs (no IADL) preoperatively, but outcomes were limited to those found in the NSQIP (ie, they did not include geriatric outcomes).
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We validated an abbreviated 5-item functional status scale proposed by the ACS, NSQIP, and American Geriatrics Society.
26
This scale was associated with complications just like the more time-consuming 14-item functional assessment. The whole-point composite VESPA scale was useful for identifying postoperative risk of complications. Using a cutoff score of 9 or higher, the specificity of the shorter VESPA scale was a respectable 76% and the sensitivity was a more modest 68% for postoperative complications. Therefore, we will be using an abbreviated version of VESPA at our institution (eAppendix 1 in the Supplement). We expect that this more efficient version of the VESPA tool will facilitate sustainability of assessment rates in the future. To our knowledge, this is the first study incorporating patients' self-assessed inability to manage themselves after an operation. The basis of the question was grounded in our clinical expertise and in other geriatric self-efficacy literature (eg, confidence in ADL performance without falling). 40 Because this single item was associated with outcomes independent of the other risk factors and surgical complexity, we believe that this item captures the patient's (or caregiver's) additional insight into capacity beyond what is captured by the other measures. Our results suggest that this item is efficient and effective in the preoperative evaluation of older patients undergoing surgery and deserves further validation. The perioperative quality improvement literature is extensive, 41 but published research on the success of implementing a quality improvement intervention in the preoperative setting within a clinical health system is nearly nonexistent. To our knowledge, this is the first study of an additional preoperative geriatric evaluation to report a compliance rate (42% in the first 6 months, with decreasing rates thereafter). One prior study 42 using administrative data to evaluate preoperative quality of standard testing (ie, laboratory tests and radiographs) reported acompliance rate of only 12%. We have no benchmark to judge whether our initial compliance rate was high or low, only that we were successful at implementing the screening in a large number of patients, mostly in the first year of the study. Our results suggest that additional intervention is needed to better sustain compliance after 1 year. Although the VESPA tool is brief and can be performed in less than 10 minutes, the PAs were not allotted additional time for its performance. Naturally, we had staff turnover; however, we did not repeat formal training after initiation of the VESPA tool. We also transitioned to a new electronic health record after the first year, which did not include conversion of the VESPA tool from its paper-only data collection. Therefore, the next phase will implement VESPA into the electronic health record, including automated reminders for the targeted population based on age. The target population will be streamlined to only patients who are expected to stay at least 1 night for the elective procedure. Second, we will implement annual reinforcement in the tool for existing and new PAs, including quarterly feedback of VESPA evaluation rates and results. Third, we will validate the abbreviated VESPA scale in a new sample of patients. Last, those with a positive VESPA score of 9 or more will be referred for additional interventions (eg, delirium prevention for those with preexisting cognitive impairment and physical therapy for those with gait and mobility impairment). Thus, we plan to expand the VESPA score to a clinical intervention, which will test whether the VESPA tool can improve surgical and geriatric outcomes.
Limitations
Our study has limitations. The highest surgical complexity group had the strongest association with both geriatric and surgical complications but was based on WRVUs and the Common Procedural Terminology codes submitted with the procedure rather than during the preoperative visit. eAppendix 4 in the Supplement is a guide to categorize patients into similar low-, moderate-, and high-complexity groups. We believe that PAs can easily assign patients to 3 categories of surgery complexity. The prospectively calculated VESPA score needs further validation; first within our own center in a new sample of patients and then, ultimately, in other environments, such as centers without preoperative clinics.
Conclusions
A geriatric evaluation that estimates postoperative surgical and geriatric complications can feasibly be implemented into a preoperative clinic and performed by nonsurgeon health care personnel; however, in our study, use of the tool decreased over time. A streamlined tool with only 5 ADL items has great potential for more efficient future implementation. A, Sensitivity and specificity of the 14-item basic activities of daily living (BADL) and instrumental activities of daily living (IADL) scale (area under the receiver operating characteristic curve, 0.7647). B, Sensitivity and specificity of the 5-item BADL and IADL scale (area under the receiver operating characteristic curve, 0.7632). Receiver operating characteristic curves were used, and they allow users to select a cutoff score based on desired sensitivity and specificity. The area under the receiver operating characteristic curve reflects the overall accuracy of the scores. There is no loss of accuracy when using the abbreviated vs the full set of functional status items (5 vs 14 items). A cutoff score to identify patients for a less burdensome and inexpensive intervention would appropriately select a population with greater sensitivity; for example, using a score of 4 or higher would capture 93% of patients who eventually have postoperative occurrences, whereas a more risky or expensive intervention would more appropriately select a population with less sensitivity, but with higher risk and greater specificity. For example, a cutoff of 10 or higher has a specificity of 80%, which means that patients who do not meet the cutoff identify 80% of the population of patients who will not have a complication. 
